preserved beta-cell function and negative autoantibodies [7] . While a family history of diabetes is rare in youth with T1DM, individuals with MODY and standard T2DM will show a strong family history of T2DM.
There are demographic differences in the types of childhood diabetes. Although the incidence of T1DM is higher in white children, the incidence is increasing in black children [8] , and the incidence in Hispanic children of Puerto Rican origin is among the highest in the US [9, 10] . In T2DM, more minority children are affected, with prevalence rates in African-Americans, Mexican Americans, and Native Americans higher than those of Caucasians. The onset of T2DM is common during puberty and may be related to the decline in insulin sensitivity during this period of development [11, 12] .
The SEARCH for Diabetes in Youth study [13] has helped to shed further light on the demographic characteristics of American youth diagnosed with MODY. In SEARCH, autoantibody-negative subjects with fasting C-peptide levels >0.8 mg/ml underwent sequencing for MODY mutations. Out of 47 participants, 8% of those tested were found to have a MODY gene mutation. Most of these subjects had been on insulin, and only 3 had a prior diagnosis of MODY [14] . Unlike the classic description of MODY, only half of the participants had a family history of diabetes, and 64% of the SEARCH MODY patients were of a minority ethnicity.
The prevalence of different types of diabetes varies widely among regions, countries and populations [1, 2] . Determining the correct type of diabetes during childhood is important to decide the optimal treatment and follow-up care as well as risk factors for families. Historically, children presenting with new diabetes were presumed to have type 1 diabetes (T1DM), originally called juvenile diabetes. Improved classification of diabetes in youth has presented clinicians with diagnostic challenges when evaluating patients. The presence of obesity and acanthosis nigricans is suggestive of type 2 diabetes (T2DM). However, given the rising prevalence of obesity in children, obesity alone does not exclude other types of diabetes. The clinical presentation of children with diabetes may range from mild hyperglycemia to ketoacidosis. Atypical diabetes in African-American children presenting with severe insulin deficiency with a subsequent noninsulin-dependent course has been recognized for several decades [3, 4] . Presently, apart from genetic testing, diagnostic criteria do not always distinguish children with T1DM from maturity-onset diabetes of youth (MODY) or from T2DM.
MODY, which represents a small percent of diabetes cases [5] , is often misdiagnosed as T1DM or T2DM. It has recently been determined that MODY is not uncommon in youth with diabetes [6] . Classic MODY was originally described in Caucasians as autosomally inherited with While positivity for islet cell antibodies supports the diagnosis of T1DM [15] , the presence of autoantibodies does not rule out MODY or T2DM. A proportion of adults with T2DM may have autoimmune markers, and this finding is often associated with progressive beta-cell failure [16] [17] [18] [19] . There is also overlap in diabetes type in pediatrics, as obese youth with features of T2DM may have positive autoantibodies [20] . Not all children with T1DM are positive for diabetes antibodies, and even those with genetic MODY may have elevated antibody titers [21] .
As described above, individual characteristics are not discriminatory for diabetes type. Improved diagnosis of diabetes type provides the opportunity for determination of the genetic risk in families as well as prevention trials. A clear diagnosis improves treatment determinations, particularly in MODY, which is frequently misdiagnosed. For example, individuals with HNF1A and HNF4A MODY respond to sulfonylureas, whereas those with glucokinase mutations typically do not need therapy, other than during pregnancy. Misdiagnosis of diabetes type may have an impact on cost and quality of life. Genetic tests are required to definitively diagnose MODY, and these tests are expensive and cannot always be performed. Consequently, new clinical and laboratory markers may be used to support the diagnosis of MODY.
C-peptide has been utilized in the typology of childhood diabetes. Our research group has shown that a fasting C-peptide level of 0.85 ng/ml at diagnosis can differentiate T1DM from T2DM with a sensitivity of 83% and a specificity of 89% [22] . C-peptide measurement may also help in differentiating T1DM from MODY [23] . Cpeptide can be measured after stimulation by a mixed meal or during fasting, with a good correlation with each other [24] [25] [26] . Fasting C-peptide is obtained more easily during clinical visits, and the levels also correlate with urinary C-peptide measures. In T1DM, residual insulin secretion is commonly seen only during the first 2 years after diagnosis, but rarely after 5 years [27] . C-peptide levels at this time are low, while in T2D and in MODY, C-peptide may be conserved for a longer duration.
The urinary C-peptide creatinine ratio (UCPCR) is a new marker for endogenous insulin secretion. The UCPCR provides another measure for beta-cell function in clinical practice [28] . In the Study by Yılmaz Agladioglu et al. [29] , the use of the UCPCR and fasting C-peptide levels was investigated in the differential diagnosis between MODY and T1DM. T1DM subjects received insulin treatment and had been diagnosed with diabetes for at least 2 years. C-peptide measurements were performed after an overnight fast, on the same day as the UCPCR test. Fasting C-peptide in the T1DM group was lower than that in the MODY group, with a fasting C-peptide cutoff point determined by ROC curve analysis to be 0.62 ng/ml. This cutoff had a sensitivity of 93% and a specificity of 90% for discriminating between MODY and T1DM. UCPCR ≥ 0.22 nmol/mmol yielded a 96.3% sensitivity and a 85.7% specificity for MODY. The authors conclude that UCPCR and fasting C-peptide levels in children and adolescents can distinguish patients with MODY from patients with T1DM with a high specificity and sensitivity.
Accurately diagnosing the type of diabetes is crucial for appropriate treatment. This study and others suggest that C-peptide measurements combined with measurement of the UCPCR may provide an estimate of beta-cell function in children. This is the first pediatric report to utilize both the UCPCR and fasting C-peptide in patients with MODY and T1DM. UCPCR levels ≥ 0.22 nmol/ mmol showed a good discrimination between MODY and T1DM in children and are similar to those in the paper by Besser et al. [28] reporting that a UCPCR >0.2 nmol/mmol could differentiate between MODY and T1DM with disease durations longer than 5 years. UCPCR testing is most useful in patients with a longer duration of diabetes, in keeping with a gradual loss of C-peptide [30] . A prior pediatric study reported that a UCPCR ≥ 0.7 nmol/mmol effectively discriminates between T1DM and non-T1DM (T2DM and MODY), with a sensitivity of 100% and a specificity of 81%, independent of diabetes duration [31] . In the current study, although all patients with T1DM had a duration of diabetes longer than 2 years, a UCPCR level ≥ 0.7 nmol/mmol was less sensitive for diagnosis. MODY patients may have been missed if a UCPCR level ≥ 0.7 nmol/mmol was used for children more than 2 years from diagnosis. Curiously, in both the T1DM and MODY groups, there was a negative correlation between the duration of diabetes and the UCPCR. In the T1DM group, the duration of diabetes in 21 patients was 2-5 years, and the duration in the other 21 cases was longer than 5 years.
Clinical findings in types of diabetes overlap and challenge the typology of childhood diabetes, blurring distinctions that previously guided diagnosis. Biochemical markers of C-peptide and 24-hour urinary C-peptide add to the understanding of markers of diagnosis consistent with current theories of the pathogenesis of diabetes. The paper by Yılmaz Agladioglu et al. [29] suggests that UCPCR and fasting C-peptide testing after 2 years of diagnosis in children and adolescents is able to distinguish patients with MODY from patients with T1DM with a high specificity and sensitivity. Further studies in larger samples with a wider distribution of patients with specific MODY mutations are indicated. However, the current findings point out that a UCPCR ≥ 0.22 nmol/mmol may indicate the need for performing a genetic test for MODY. The combination of physical features, demographic characteristics and autoimmunity help distinguish T1DM, T2DM and MODY, and the use of these additional markers of beta-cell function may aid further in the diagnostic paradigm.
